Coal and gas outburst is a complicate violent geological dynamic disaster, and it brings a huge threat to underground mining engineering and coal miners' lives. Comprehensive statistics have indicated that the geological structure is the primary factor for controlling coal and gas outbursts, and more than 80% of coal and gas outbursts occurred in the fracture zones of geological structures, therefore the fold structure is one of the zones which it is most likely to cause such an outburst [1] [2] . In order to predict outburst zones more scientifically and to ensure that workers are in a safe working environment, many coalfield geological scholars have conducted a large amount of research on the fold structure and its influences on coal and gas outbursts, such as the relationship between fold geometry characteristics and outburst zones [3] , the effects of fold dynamic characteristics on outbursts [4] [5] [6] , and the distribution features of the deformed coal and gas occurrence in different fold types [7] [8] . Recent developments have concentrated to reveal the main geological control factors of outburst in fold structure. In the research, compression action created by tectonic movement was regarded as the main reason for gas accumulation and the outburst [9] [10] [11] [12] [13] . Meanwhile, Pol. J. Environ. Stud. Vol. 27, No. 4 (2018), 1823-1831 
the change of tectonic stress in different zones of the fold structure was considered the dynamic cause for the outburst [14] [15] . Besides, structural deformed coal (which is often generated in the axis of the fold) was discussed as a very significant reason for an outburst because of its largely varied gas desorption and diffusion properties [16] [17] [18] [19] . But according to the related research, the coalfield mostly experienced the multi-period tectonic movement, and in the superposition zone of the structural system, the damage degree of the coal-rock strata was often intense, and coal and gas outburst was prone to happen [20] [21] . However, the study on the fold superposition and its effects on coal and gas outburst is relatively less.
A dome-basin structure was formed by the superposition of the fold structures that were generated in two stages or multi-stage tectonic movements. In the mining practices, the coal and gas outburst occurred frequently and the dangerousness increased greatly in the areas of the dome-basin structure. However, studies about the controlling action of the dome-basin structure on outbursts are relatively scarce. In this study, Xinan coalfield was the research area. The formation mechanism and the characteristics of the dome-basin structure were studied, and according to the gas geology theory and a large amount of gas geological parameters, the influences of the dome-basin structure on the stress-strain features of coal-rock seams, coal-body structure, and coal seam gas occurrence were analyzed. The control effects of dome-basin structure on the coal and gas outburst were also studied further.
Materials and Methods

Geological Features and Paleotectonic
Stress Field
Geological features
Xinan coalfield is located in western Henan Province, China. It belongs to the northern margin of the Qinling orogenic belt. In this region, large or medium-sized geological structures are less common and are mainly located along the border of the coalfield (Fig. 1) . Xinan syncline is the major structure of the coalfield, and it controls the structural form of the coalfield as well. The geological structure in Xinan coalfield is simple. It is a wide flat monoclinal structure, south trend, strike direction 40°, dip 130°, and angle of dip 6~14°. The coal measures of this area were formed in the late Carboniferous and the early Permian periods. It mainly experienced the Indosinian, Yanshanian, and Himalayan tectonic movements. The structures generated in the Himalayan movement were mainly NE-trending in the adjacent areas [22] [23] . The large or medium-sized geological structures of NE-trending don't exist in this area ( Fig.1) , which suggests that Himalayan tectonic movement was not strong in this area. The Indosinian and Yanshanian tectonic movements were the primary control factors for generating geological structures. However, the multi-stage tectonic movements generated many smallsized fold structures, and resulted in drastic changes of the thickness of the main working coal bed (Fig. 1) . The average value of variation coefficient of coal layer thickness reached up to 68%, and it increased up to 79% in some areas. The coal-body structure was badly damaged for the effects of multi-stage tectonic movements, and the granular and scaled coal is the primary component of a coal seam. The radical changes of coal thickness and the widespread deformed coal caused by the fold are the primary structural deformation characteristics in Xinan coalfield. The coalfield contains four coal mines (Fig. 1) , and they were all identified as the coal and gas outburst mine.
Paleotectonic Stress Field
The structures of Xinan coalfield are relatively simple. The x conjugate shear joint was used to recover the paleotectonic stress field on the basis of the analysis of the regional geological background. In the study area, 21 groups of conjugate shear joints were observed and selected to assess the paleotectonic stress field. The results show that all conjugate shear joints could be divided into 2 sets (Fig. 2) , and the stress state of each point was also analyzed using the stereographic projection of each joint. Connect the same principal stress direction of each point according to the broken line to obtain the directions of the Indosinian and Yanshanian tectonic stress field (Fig. 2) . On the basis of the characteristics of the Indosinian and Yanshanian tectonic stress field, the compression direction in the Indosinian period was NS-trending, and in the Yanshanian period it changed to EW-trending.
Evolution and Characteristics of Dome-Basin Structure
Evolution of Dome-Basin Structure and its Control Range
The dome-basin structure is a complex fold form, and its formation mechanism was explained in detail by Ramsay as a result of fold superposition (Fig. 3) . Domebasin structure is mainly superposed by horizontal and upright folds in two stages [24] . The main forming condition is the intersecting of the two-fold axis in large angle or a rectangle (Fig. 3) . The structure of Xinan coalfield is relatively simple and is mainly a wide flat monoclinal structure. Many horizontal and upright folds have been generated in this region because of the effect of the tectonic compression action in Indosinian and Yanshanian. Based on this reason, and according to the tectonic stress field in Indosinian and Yanshanian (Fig.  2) , the intersectant angle of the principal stress direction in two stages was considerable and provided favorable conditions for the generation of the dome-basin structure.
In the western part of Xinan coalfield, such as Xinan and Xinyi coal mines, the coal thickness nearly changes along with NS trending (Fig. 1 ) and was mainly influenced by the small folds structure created in Indosinian. However, in the southern part of Mengjin coal mine, the coal thickness nearly changes along the EW trending and was mainly created by the folds generated in Yanshanian. As mentioned above, the Yian coal mine in the middle part of the coalfield is located in the composite part of the two regions (Fig. 1) . Therefore, the fold structures generated in the two periods were superposed in this area, and made the thickness of the coal changes dramatically. The coal thickness isoline in this area is shown as closed loops (Fig. 1) , and shows that the distribution form of coal seam primary is presented as continuous convex and concave structures that correspond to the structural form of the dome-basin structure, respectively. Therefore, this area is the major control region of the dome-basin structure in Xinan coalfield.
The Characteristics of Dome-Basin Structure
The dome-basin structure is composed of three main parts (Fig. 3) . The superposition area of antiforms in two periods forms the dome structure. The superposition area of synforms in two periods forms the basin structural. In the superposition area of late antiform and early synform, the antiform hinge plunged and the synform rose, and forms the saddle structure [24] . However, in the coal measures the performance type of dome-basin structure is different from the single rock stratum. The coal seam is embedded in the soft and hard alternated rock stratums and is the incompetent bed. The shape is controlled by the surrounding competent bed. The coal seam adjusts the folds deformation of the roof and floor from the coal rheological or sliding, and the results are presented as the change of coal seam thickness [25] . According to the deformation shapes of the roof and floor of coal seam, and the change rule of coal thickness isoline in this area, the characteristics of dome-basin structure and the constituent parts can be identified.
In the coal measures, the roof of the coal seam is medium sandstone (Fig. 4) , the average value of thickness is 16.6 m, and the uniaxial compressive strength reaches up to 86 MP, which is the primary competent bed and deformation layer. The floor of the coal seam is fine-grain sandstone, the average value of thickness is 5.2 m, and uniaxial compressive strength reaches up to 52 MP, and the competent and deformation degree is weaker than the roof. Because of the comprehension effect of fold deformation of the roof and floor, the coal seam primarily presents the shape of convex or concave on the structural section (Fig. 4) , which resulted in dramatic changes to coal seam thickness, and the thickness isoline of coal seam is presented as closed-loop in the shape of a concentric ring (Fig. 5) . Therefore, in the area of dome structure, the coal-rock strata shows top thick fold, the rising degree of the roof exceeds the floor, and the coal seam shows as convex (Fig. 4a) . The coal thickness isoline increases gradually from the external to the internal of concentric rings (Fig. 5) , and the thickness reaches up to 14 m. In the area of the basin structure the coal-rock strata shows supratenuous fold, the sunken degree of the roof exceeded the floor, and the coal seam is presented as concave (Fig. 4b) . The coal thickness isoline decreased gradually from the external to the internal of concentric rings (Fig. 5) , and the coal thickness decreased to below 2 m. In the area of saddle structure that is similar with the dome structure, the coal seam thickness increased. However, the rising degree of the roof and floor, coal seam thickness, and the thickening rate of coal seam are lower than the dome structure (Fig. 4c) . The coal seam often shows as slender coal belts. The coal thickness isoline presents as anisometric ellipticity, the values of the coal thickness isoline increased gradually along the rising end of synform (Fig.5) , and the coal seam thickness reached up to 5 m. Meanwhile, the dome and basin mainly appeared continuously and alternately along the principal stress direction of the tectonic stress field. The saddle structure developed in the combination parts of the early synform and the late antiform (Fig. 5) .
Results and Discussion
The Influence of Dome-Basin Structure on Outburst Factors
The Stress-Strain Characteristics of Coal and Rock
Tectonic stress plays a dominant role in the coal and gas outbursts. The tectonic stress in the coal seam has a great relationship with the elasticity of surrounding rock. When the extrusion stress is the same, the rock stratum of high elasticity is more likely to deform, then it extrudes the coal-body and results in the tectonic stress concentration in coal seam, which provided momentum for outbursts [14] .
The roof of No. 21 coal seam of Xinan coalfield is the most competent bed of coal measures. It's the main part of tectonic deformation. In this area, the lithology and thickness of roof strata show little change. The elasticity of rock stratum is closely related to the rock structure and the damage degree. Compared with the area of no fold superposition, the area of dome-basin structure was influenced by the two phases of paleotectonic tectonic movement, the fracture of the roof strata increased, the damage degree of coal-body increased, the anti-pressure ability of rock strata decreased, and the elasticity increased. The test results of the uniaxial compressive strength and the elasticity modulus showed that in the area of dome-basin structure, the uniaxial compressive strength was mostly below 90 MP, and the elasticity modulus was mostly below 35.8 GPa, which decreased obviously compared with the general zones (Fig. 6) . In the area of dome-basin structure, the elasticity modulus increased. It is more likely to result in the elastic deformation, extrude the coal seam, and then cause the concentration of tectonic stress.
However, in the internal dome-basin structure, the saddle structure experienced the early synform deformation and late antiform deformation. The difference of the deformation types of the two-stage structure resulted in the roof strata suffering from damage of two types. The damage degree of roof strata reached up to the highest, the uniaxial compressive strength was as low as 58 MP, the elasticity modulus was as low as 31.4 GPa (Fig. 6) , and the elasticity is the highest. In the area of the dome structure and basin structure, the deformation types and the function of the two-stage structures were the same. Therefore, the damage degree of rock takes second place, and the elasticity was relatively smaller. According to the analysis of the elasticity of rock strata, the elasticity of rock strata is the highest in the saddle structure of the internal of dome-basin structure, and the coal seam is easy to be extruded. The saddle structure is the area that is easy to result in tectonic stress concentration.
Coal Body Structure Characteristics
The deformed coal is an important factor to control the coal and gas outburst. The strength of the deformed coal is low, and decreases the resistance of coal and gas outburst. Related research shows that the type and the thickness of deformed coal are closely related with the coal and gas outburst. The area that develops mylonite coal with relatively large thickness is extremely easy to cause the coal and gas outburst [26] [27] [28] [29] .
In the three parts of dome-basin structure of Xinan coalfield, the types and the thickness of deformed coal are greatly different (Fig. 7) . In the area of dome structure, the roof of the coal seam rises upwards and forms the phenomenon of detachment structure. The coal seam slid into detachment structure and became thick. The coal is mainly of scaled coal because of the influence of sliding shear (Fig. 7a) , the thickness of the coal seam is relatively large, and reached up to 10 m. The damage degree of the coal was relatively low, and the protodyakonov coefficient is above 0.3 (Table 1) . Granular coal often accompanied the layer of scaled coal (Fig. 7a) . The granular layer angle is relatively large and thrusts up to the roof. The granular layer was the major sliding face, the thickness of the granular coal is much thinner than the scaled coal layer, and the protodyakonov coefficient is below 0.28 (Table 1) .
In the middle area of basin structural, the coalbody structure was seriously damaged for the vertical extrusion of the roof. The coal is mostly mylonite coal of full-layer thickness (Fig. 7b) . The maximum value of the protodyakonov coefficient is only 0.18, the thickness is relatively small and is below 1.5 meters. In the area that is away from the central basin, the vertical extrusion of the roof decreased. The coal-body structure grew into the granular coal of full-layer thickness gradually, and the protodyakonov coefficient is between 0.16 and 0.28 ( Table 1 ). The thickness of the broken coal increased with the increase of the coal seam thickness, and reached up to 4 m (Fig. 7b) .
The deformation form of saddle structure was the same as the basin structure in the earlier period. The saddle structure was affected by the fold deformation of the early synform, and the coal-body structure was badly damaged for the roof extrusion. The mylonitic coal was developed of full-layer thickness (Fig. 7c) . But in later period, the coal seam thickness increased along with the early synform to the rising end of the late antiform. The thickness of the previously generated mylonitic coal also increased, the thickness increased slowly and reached up to 5 m in the rising end of the late antiform (Fig. 7c) . The protodyakonov coefficient is relatively low and is below Fig. 7 . Coal structure and gas occurrence in dome-basin structure of Xinan coalfield: a) dome structure section, b) basin structure section, c) saddle structure section.
The gas preservation condition has an important influence on the gas content of coal seam. Structural closure, hydrological characteristics, burial depth, coal seam thickness, coal body adsorption, and so on are the main factors affecting coal seam gas preservation. In Xinan coal field, the area is dominated by medium and small folds and fewer fault structure existed. The structure is overall well closed, and it made the structural closure have a high degree and does not change much. At the same time, the groundwater is not developed in mining area, and the burial depth of the coal seam in mining area is almost at a same level. The above three aspects of gas preservation conditions have little effect on the coal seam gas content in this area and for gas preservation, so coal seam thickness and coal adsorption are the primary factors to influence gas preservation. Firstly, the coal seam is a gas insulation barrier. The upper coal seam obstructs the gas escape of the middle-low coal seam, which is beneficial to gas preservation [33] . In the area of basin structure, the degree of coal metamorphism is high and the adsorption ability is strong. But the coal seam thickness of basin structure is much thinner than other areas (Fig.  7) , which is bad for the coal seam gas preservation and results in the gas content being not particularly large. In the area of dome structure, the coal seam thickness is large. But the deformed coal is undeveloped and the adsorption ability is weak. The adsorption constant a is even at a low degree of 35.3 (Table 2) , which indicates that it is bad for gas preservation. Meanwhile, the degree of coal metamorphism is also low (Table 2), gas generation 0.15 ( Table 1 ). The rising end of the late antiform is the maximum thickness area of the mylonitic coal in the saddle structure.
Gas Occurrence Characteristics
The coal seam gas content is the uppermost factor to control the coal and gas outburst [30] , which is mainly related with the gas generation and gas preservation condition [31] . For the gas generation, the degree of coal metamorphism is the primary factor to influence gas generation, and the gas generation increases with the degree of coal metamorphism [32] . The coal volatile matter is the important index to evaluate the degree of coal metamorphism, and decreases with the increase of the degree of coal metamorphism. From lignite to anthracite, coal volatile mater decreases from 50 to 5%. In the area of dome-basin structure, the basin structure and the saddle structure suffered from the extruding deformation of the roof. The tectonic metamorphism function resulted in the increase of the degree of coal metamorphic, the coal volatile mater decreased as low as 9.15 percent (Table 2) , and coal seam gas generation increased. In the area of dome structure, the deformation of the roof antiform formed the phenomenon of detachment structure and coal seam thickness increased by the shear-sliding. The degree of coal metamorphism increased slightly more than the general region, and the gas generation ability of coal seam was lower than the area of the saddle structure. f -protodyakonov coefficient Table 1 . Coal structure characteristics in dome-basin structure. Table 2 . Gas occurrence and its control factors in dome-basin structure.
was little, and gas content is relatively low on the whole. However, in the area of saddle structure, the thickness of the mylonitic coal increased and reached up to 5 m. On the one hand, the breathability of the extremely thick mylonitic coal is poor and obstructed the gas escape. On the other hand, the absorption ability of the mylonitic coal is strong, and the adsorption constant a reached up to 56.9 (Table 2) , which was extremely beneficial to gas preservation. On the whole, the gas content in the area of saddle structure is relatively large. It increases with the thickening of mylonitic coal and reached up to 16.37 m 3 /t.
The Influence of Dome-Basin Structure on Coal and Gas Outburst
The coal and gas outburst is a combination result of tectonic stress, the physical and mechanical properties of coal, and coal seam gas. Tectonic stress and coal seam gas provide momentum for coal and gas outburst. However, the deformed coal decreases the resistance for coal and gas outburst. The strong ability of absorption and desorption gas of the deformed coal also provides advantages for coal and gas outburst. Therefore, the three factors control the dangerousness and characteristics of coal and gas outburst.
In the three parts of dome-basin structure of Xinan coalfield, the damage degree of the surrounding rock was high and the elasticity of the rock strata increased in the area of the saddle structure. It is easy to extrude the coal-body and incurs the tectonic stress concentration. Moreover, in the saddle structure, the coal seam gas content and the stress are large, and reach up to 16.37m 3 /t and 3.1MP, respectively. The two factors provide the uppermost motivation for the coal and gas outburst. Meanwhile, the major coal-body structure is mylonitic coal of full-layer thickness, and the thickness exceeded 5 m, which decreases the destruction-resisting ability and provides extremely favorable conditions for coal and gas outburst. However, in the area of dome structure, the damage degree of the coal decreased, and the deformed coal was more undeveloped than the saddle structure. In the basin structure area, although the deformed coal is mainly the mylonitic coal of full-layer thickness, the thickness is relatively small and is often below 1.5 m. The gas content decreased obviously in the area of the dome structure and the basin structure than that in the saddle structure, and the outburst dangerousness of the two areas is smaller as well. Analysis of the three factors show that in the saddle structure area of the dome-basin structure is the most dangerous and probable area for the coal and gas outburst.
The production practice of Yian coal mine showed that the chance of outburst increased significantly in the area of the saddle structure. 14020 roadway in Yian coalmine is as long as 800 m and can be divided into two parts according to its location. The first part is the range of between 0 and 400 m, located in the area of saddle structure. The second part is the range of the other 400 m, and is far away from the saddle structure gradually (Fig. 8) . In the Yian coal mine, three indexes were used to predict the outburst, and it includes drilling cuttings of the coal, gas desorption of the drilling cuttings, and the initial velocity of gas emissions from the drilling hole. The change degree of the first two indexes is not obvious and there was no overrun phenomenon of the two indexes. Only the initial velocity of gas emission from the drilling hole q can be used as an sensitive index for coal and gas outburst, and its critical value is 3.5. In the first part, the values of q exceeded the limit of 3.5 for 18 times Fig. 9 . Change characteristics of outburst prediction index in 14020 drivage face when drivaging, and mostly of which were above 7, the maximum values reached up to 13 (Fig. 9) . In the second part, the values of q were all below 3.5 and didn't exceed the critical value. In the area of dome structure and basin structure, the values of q did not exceed the critical value as well. The exceeded times are far more than that in other areas. Furthermore, in the area of saddle structure of the 14020 roadway, the undulation was strong, illustrating that the chance of outburst in the area of saddle structure was much higher than other areas. Meanwhile, coal and gas outbursts have happened five times in Yian coal mine and four of them focused in the rising end of the saddle structure (Fig. 8) , which accounted for 80% of the total number of the outburst. The characteristics of the four coal and gas outburst accidents showed that the thickness of mtlonitic coal exceeded 4.2 m, the gas emission quantity was often relatively large and reached up to 150m 3 /t (Table 3) , which increased the dangerousness of coal and gas outburst greatly. While in other areas, the coal structure is mainly scaled coal. In the north of Yian mine, there is a single outburst point (Fig. 8) , but the reason for this occurrence is different. The reason for the outburst is mainly the large degree of coal thickness. The thickness of the coal seam in this area is as high as 11.2 m (Table  3) , and its huge gravity caused the upper coal body to fall off and cause the outburst. The danger of the outburst is much lower than the area of saddle structure. The gas emission quantity in this outburst was only 9.5 m 3 /t, and there was only one outburst in this area. The research showed that the area of saddle structure is the highest area for danger of coal and gas outburst, and is the major reason for the increase of danger of coal and gas outburst in the dome-basin structure areas. In addition, outburst danger increases with the increase of the myloniticc coal thickness in this area.
Conclusions
The structure in Xinan coalfield is simple and mainly develops the vertical and horizontal folds. The principal stress direction of tectonic stress of the Indosinian and Yanshanian intersected with large angles, and provided conditions for the formation of dome-basin structure. The dome-basin structure mainly presents the alternate types of convex and concave. The Yian coal mine in the middle of the coalfield is the primary developed area of the dome-basin structure.
The dome-basin structure can be divide into three parts: dome structure, basin structure, and saddle structure. In the area of saddle structure of the dome-basin structure, the surrounding rock was greatly damaged and the elasticity of the rock strata increased. It is easy to incur the tectonic stress concentration. The type of coalbody structure is most of the mylonitic coal of full-layer thickness, and decreased the destruction-resisting ability of coal seam. The coal seam gas content and pressure are relatively large, and provided beneficial conditions for the coal and gas outburst.
The comprehension function of the tectonic stress, the deformed coal, and the coal seam gas resulted in the saddle structure being the most probable area to occur coal and gas outburst in the dome-basin structure, and the danger of coal and gas outburst increases with the increase of thickness of the mylonite coal in this area. Table 3 . Substance compositions of outburst and deformed coal characteristics in outburst point.
